Objective: The aim of this study was to assess the quality of simulated cardiopulmonary resuscitation (CPR) in local pre-hospital care teams and the improvement achieved by using clinical pathways. Methods: A prospective observation study. The 2010 American Heart Association Guidelines for CPR, the personnel characteristics of ambulance staff, China's legal system requirements, and the available medical resources were used to design a clinical pathway for pre-hospital care of cardiac arrest. Case simulations were used to evaluate the quality of CPR before and after implementation of the clinical pathway. Results: The number of teams which successfully implemented electrocardiogram monitoring, endotracheal intubation and intravenous access before training were 8 (17.8%), 5 (11.1%) and 6 (13.3%) respectively. These increased to 45 (100%), 43 (95.6%) and 43 (95.6%), respectively, after training. The number of teams with successful implementation of artificial ventilation, airway management and insertion of oropharyngeal airway before training were 43 (95.6%), 38 (84.4%) and 12 (26.7%) respectively. These increased to 45 (100%), 42 (93.3%) and 43 (95.6%), respectively, after training. Nine (20%) teams decided CPR onsite before training and 35 (77.8%) after training. The average rate of chest compressions before and after training was 120.317.9 and 123.217.1 compressions per minute, respectively (p>0.05). Conclusion: Training using established clinical pathway significantly improves the quality of CPR and increases the use of ALS techniques. CPR training requires ongoing validation and optimisation to maintain effectiveness. (Hong Kong j.emerg.med. 2015;22: 14-22) 目的：本研究的目的是評估本地院前急救隊伍模擬心肺復甦術（ CPR ）的質量和使用臨床路徑所取得 的改進。方法：前瞻性觀察研究。根據美國心臟協會 2010 年 CPR 指南，救護人員的特點，中國法律體 系的要求，和現有的醫療資源，來設計院前急救心臟驟停的臨床路徑。以案例模擬評估實施臨床路徑前 和後 CPR 的質量。結果：訓練前，成功地實施心電圖監測，氣管插管及靜脈通路的隊伍數量分別為
Introduction
The success rate of out-of-hospital cardiac arrest resuscitation remains very low. [1] [2] [3] [4] [5] One of the main reasons is poor-quality resuscitation by first responders. [6] [7] [8] [9] [10] Trainees who received traditional cardiopulmonary resuscitation (CPR) training did not perform highquality CPR. 10, 11 The introduction of a resuscitation team concept has significantly improved the results of resuscit ation. [12] [13] [14] [15] [16] Teamwork coordination and resuscitation quality were emphasized in the 2010 American Heart Association (AHA) CPR guidelines.
China ac counts for 19% of the world's total population, but the return rate of spontaneous circulation (ROSC) during the pre-hospital care of cardiac arrest is approximately 2% and there are only a limited number of patients that survive to discharge. China's legal and medical systems require a physician to perform pre-hospital care in an ambulance. The ambulance is staffed by a licensed emergency physician, a driver, and (or) one to two stretcher bearers. The implementation of paramedical services has not been regulated. The rescue duties of nonmedical personnel have not been legally clarified in this system. Nonmedical personnel do not usually assist in the prehospital care, which hinders rescue teamwork.
Many licensed emergency physicians are concerned about the risk of medical malpractice when prolonged onsite treatment is carried out. 17, 18 Patients are often loaded into ambulances and transported to a hospital with ongoing CPR, which reduces the quality of CPR. [19] [20] [21] Relevant research on the quality of CPR and teamwork of pre-hospital care is rarely reported in China, therefore, scientific data in this area are lacking.
Clinical pathways are management plans that specify goals for the patient and the corresponding ideal sequence of events. A list of sequential staff actions is described in order to achieve these goals with optimal efficiency. 22 Clinical pathways are tools that combine clinical skills and management techniques to maximise outcomes of resuscitation and minimise adverse events. Implementation of clinical pathways can minimise unnecessary medical staff actions, improving medical quality and treatment. Clinical pathways have recently been widely implemented for inpatient hospital care. [23] [24] [25] However applications in pre-hospital care are rarely reported. We introduced this tool into pre-hospital CPR to improve the cooperation among the ambulance crews and overall CPR quality. We hypothesised that these changes would improve the survival after cardiac arrest. This study was carried out to assess the quality of CPR, team performance, and how a defined clinical pathway could promote the quality of resuscitation in the current Chinese pre-hospital care system.
Materials and methods

Participants
This was a prospective observation study on evaluating the effect of a clinical pathway on the quality of simulated pre-hospital cardiopulmonary resuscitation. The study was approved by the institutional review board and conducted between April and November 2011 at Hangzhou Pre-hospital Care Centre in . Hangzhou Pre-hospital Care Centre is a member of the American Heart Association (AHA) Training Centers of Emergency Cardiovascular Care (ECC) and is the only institution of pre-hospital care in Hangzhou. The centre consists of seven branch centres. Each ambulance on duty is staffed by one licensed emergency physician and two nonmedical staff (stretcher bearers or driver). In 2012, 103 pre-hospital physicians were available to care and transfer approximately 110,000 patients, 1,800 of which were with out-of-hospital cardiac arrest (OHCA). The average pre-hospital response time was 14.73.5 min.
The inclusion criteria for the participating team in this study are: (a) ambulance teams belonged to Hangzhou Pre-hospital Care Centre that services the urban of Hangzhou; (b) each participating team was same as that staffed in an ambulance on duty; (c) the physicians were certificated by the government after passing the national medical licensing examination; (d) all participants received C P R t r a i n i n g a c c o r d i n g t o t h e 2 0 1 0 A H A guidelines and passed examinations within the previous year. Participating teams registered for this st udy were as ses sed fo r eligib ility. Teams n ot meeting the inclusion criteria were excluded.
Clinical pathway for pre-hospital CPR
The clinical pathway was based on the 2010 AHA guidelines for CPR and its updates, the national medical legal system, and that the ambulance team consists of three persons. Upon arrival of the ambulance, the physician carried the first-aid kit (with dr ugs, endotracheal intubation kit, bag-mask ventilation device, portal suction, and so on) and an oxygen tank. The first assistant carried the manual defibrillator/monitor and the second assistant carried the stretcher. This clinical pathway requires rhythm check once every two minutes with rotation of compressors. It also required electrocardiogram (ECG) monitoring electrodes should be attached during the first 30 chest compressions, a written informed consent of the patient's family member be obtained prior to endotracheal intubation, a rhythm strip be printed befo re the end o f the first cycle of CPR (30 compressions followed by 2 ventilations), intravenous epinephrine be administered after the second defibrillation, and intravenous amiodarone be administered after the third defibrillation ( Figure 1 ). If possible, endotracheal intubation should be performed without interrupting chest compressions. The physician assigned roles and responsibilities to the two assistants and gave them clear instructions during the resuscitation. The two assistants gave verbal reports about any observations and upon completion of their tasks. The physician then provided timely feedback, 
Scenario settings
We used a full-sized male ad ult high-fidelity m a n n e q u i n ( K e l l y 2 0 0 -0 5 0 5 0 + 2 0 0 -1 0 0 2 6 , manufactured by Laerdal, Stavanger, Norway) as a cardiac arrest patient, so that remote control of vital signs was possible. The simulated patient was placed on the floor of a simulated family ro om and accompanied with a simulated family member (role played by a trainer) who asked questions and voiced doubts of the team's treatment during the resuscitation process. A simulated ambulance was outside the room in which a first-aid kit, defibrillator/monitor, oxygen tank, and stretchers were placed and brought to the scene by the team members. The initial heart rhythm of the simulated patient was set to ventricular fibrillation (VF) so that the team could perform early defibrillation. Our investigation phase consisted of at least 6 minutes of persistent VF for every team. To minimise the number of personnel required and save training time, we added an evaluation for ROSC during the 4th rhythm check to finish the onsite compression.
Training and testing
The training course included two parts: theoretical learning and simulation practice. It included the revised 2010 CPR guidelines, the legal risk of pre-hospital CPR for a cardiac arrest in China, the clinical pathway of pre-hospital care of cardiac arrest, responsibilities of each team member and how to communicate among team members and with the patient's family. Simulation scenarios were used to convey the lessons. 26 Each training session involved 3-4 teams and the standard training time was about 5 hours. All sessions were videotaped and followed by an immediate debriefing session and discussion. 27 Each team was tested on simulated emergency treatment before the training course, and the same test was repeated immediately after the course. The training simulation scenarios were the same as the testing ones. The two tests were per formed and completed independently by the team. The pre-training test was terminated if the team loaded and transferred the patient with ongoing CPR immediately after arriving at the scene. The pre and post training assessment covered basic life support (BLS) and advance life support (ALS). Cardiac rhythm was checked at the fourth cycle and was set as ROSC after amiodarone had been administered. The test was terminated after the patient was loaded to the stretcher.
Data were collected using digital video and the automatic data collection system in the simulated patient. An examinations board consisting of three senior emergency physicians assessed each team's performance by reviewing the record. The indicators of quality of CPR included time to first chest compression (the time from tapping the patient for checking responsiveness to the first compression), no flow time (NFT) and adjusted no flow time (NFTadj) 10 during the first 3 minutes, chest compression rate, the ratio of successful ventilations (RSV) by the stretcher bearers or ambulance drivers, ECG monitoring, e n d o t r a c h e a l i n t u b a t i o n , i n t r a v e n o u s d r u g administration, and the ratio of implementation of full onsite CPR. NFT was defined as total time minus the time with chest compressions during the first 3 minutes. NFTadj was defined as NFT minus the time for rhythm analysis and shock delivery. RSV was the ratio of number of chest rises to the total number of ventilations during bag-mask ventilation. Indicators of team cooperation included physician direction (assigning tasks to other group members to assist with chest compressions, ventilation, and placement of ECG electrode pads, and so on), disease information (reporting the patient's condition to other team members to remind them to implement the next coordinated action), implementation of feedback (immediate verbal feedback of team members after implementation of the doctor's instruction), and assistance in chest compressions and ventilation (drivers and stretcher bearers assisting physicians in ventilation and performing compressions). Assessors gave every team a score (maximum score=10) towards the parameters of team cooperation before and after the training course, respectively. 
Statistical analysis
All data were managed and calculated by using Windows Excel (Microsoft, USA) and SPSS for windows 13.0 (SPSS, USA). The measurement data were presented as mean  standard deviation. The paired t-test was used to compare groups. Enumeration data were compared using the chi-square test. P<0.05 was considered statistically significant.
Results
Baseline team characteristics
Among the 50 teams of trainees, 5 teams had incomplete video records and were excluded. Fortyfive teams were included in this study. Among the trainees, the average age of physicians was 315 years old, with a male to female ratio of 3.1:1. Physicians had participated in pre-hospital care service for 65 years. All stretcher bearers and drivers were male, with an average age of 379 years. Stretcher bearers participated in pre-hospital care service for 32 years.
Before and after training indicators of rescue quality Compression and ventilation data are summarised in Table 1 . Post-training NFT and NFTadj during the first 3 minutes of CPR were both significantly reduced from pre-training values, while RSV increased (p<0.05). There was no significant change in the average compression rate after training (Table 1) .
Th e o n s it e s u c c es s imp lemen t ra t es o f E C G monitoring, endotracheal intubation, and venous access were very low prior to training and significantly improved after training. There were also significant improvements in airway management and insertion of oropharyngeal airway after training. The full onsite CPR ratio improved significantly after training (Table 2 ).
Before and after training indicators of teamwork
Physician directions, feedback, disease information, as sist anc e in per for ming ch est comp res sion s, ventilation, and written informed consent were significantly improved after training. The ECG printout and obtaining written informed consent were also significantly improved after training ( Table 2 ). The average score of team cooperation was 4.71.0 prior to training and 8.20.6 after training (t=19.26, p<0.01).
Discussion
The utilisation of international CPR guidelines varies in different places. 10, 28 Poor quality CPR is a critical reason for the low success rate of CPR after sudden cardiac arrest. 1, 5, 6, 10 Various methods have been explored to improve the success rate of sudden cardiac arrest CPR. We evaluated CPR maneuvers using high-fidelity simulations and a clinical pathway. There were three important findings in this study. First, the quality of CPR by pre-hospital care team was very poor, consistent with or even lower than previous reports. 10, 11, 29 Second, Some studies suggest that quality of CPR is reduced during the lifting and transfer process. [19] [20] [21] [30] [31] [32] A decision on hospital transfer before ROSC may be d e t r i m e n t a l t o r e s u s c i t a t i o n . This may be one of the important reasons for poor CPR quality and low success rates in our area. After a short clinical pathway training, the majority of the teams decided to perform full onsite CPR. This increased the full onsite CPR rate from 20% to 80%.
CPR quality indicators included effective ventilation, time to first chest compression, NFT, compression rate and depth of compression. This study demonstrated that only compression rate met the standards described in the 2010 CPR guidelines. According to the 2010 CPR guidelines, short interruptions during chest compressions are preferable. 33 We found that during the first 3 minutes of CPR, the NFT, representing interruptions in compression, was 102.113.7 seconds. More than half of the time (56.77.6%) was spent without chest compressions. This result was higher than previous reports in the literature. 10, [34] [35] [36] The baseline success rate of bag-mask ventilation performed by the a ss is ta n t s wa s 3 7. 4 %. Th is per f or ma nc e wa s significantly improved after clinical pathway training.
The staff from professional emergency care institutions should provide more professional medical services than basic life support provided by bystanders. This is especially true of teams that include a physician. Studies have shown that rescue teams with a physician had better compliance to CPR guidelines and better advanced life support success. 37, 38 However, this study found that ECG monitors were taken to the patient in o n ly 2 2 . 2 % o f a r re s t s . E C G mo n i t o r in g , endotracheal ventilation, and IV access were performed in 17.8%, 11.1% and 13.3% of cases, respectively. These finding were significantly lower than those of the ambulance teams in the UK and US that staffed mainly of paramedics. 1, 39 The reported rate of onsite defibrillation by rescue personnel is 13.0%-35.6%. 1, 36 If the rescue personnel does not bring a defibrillator/ monitor to a patient with ventricular fibrillation, the survival rate will drop obviously. Unfortunately, most pre-hospital care providers in China do not use the ALS techniques. Regarding the fact that paramedicled pre-hospital services administered by two people in the UK and US have better results than physicianled pre-hospital services administered by three people in China, we believe that the main reasons are as follows: (1) There is a lack of pre-hospital care standards and treatment handbooks in many regions of China; (2) CPR guidelines focus on theoretical and not practical training. Usually, the practice is focused on individuals and not on teamwork; (3) The evaluation ind ica t or s f rom CP R t ra inin g o nly f o cu s o n compression rate, depth, hands position and provider posture. Use of the ECG monitor, interruption of compression, and rescue teamwork are not typically evaluated.
For the responsibility of nonmedical personnel in assisting treatment and their level of assistance are not well defined, and there is a highly tension in doctorpatient relationship in China , many pre-hospital CPR treatments are not administered by teams with nonmedical personnel. 17, 18 Chest compressions, ventilation, ECG monitoring, defibrillation, drug administration, and advanced airway techniques are all physician responsibilities. As these tasks cannot be performed at the same time by one person, interruption and delay of chest compressions is inevitable. This study demonstrated that the majority of nonmedical personnel did not know how to assist and emergency physicians did not direct them well. Stretcher bearers usually just managed the stretcher and performed transfer duties. The physician was unable to carry the required medical devices in one trip. As a result, most rescue teams failed to bring the defibrillator/monitor to the initial encounter with the patient. Although some teams brought all the necessary equipment to the patient in a timely fashion, the ECG monitor was still not used often. Without evidence of ECG monitoring, ventricular fibrillation cannot be detected. This has also led to increased litigations in China. Emergency physicians must often choose between ECG monitoring and performing chest compressions at the initial patient encounter. Many emergency physicians chose to send patients to the hospital as soon as possible, without initiating onsite emergency treatment. This decreased the quality of CPR. As a result, some districts in China assigned a nurse into the ambulance team. This can increase the staff members to 5 in an ambulance, but the success rate of CPR and team collaboration did not improve according to our unpublished investigation. So, it is not difficult to understand why physician led pre-hospital services in some countries are not necessarily better than those composed of only paramedics. 40 We believe that the different social backgrounds, organisational systems, and management methods found in the members of the pre-hospital ambulance team led to a vast difference in adherence to CPR guidelines and affected CPR quality.
In order to ensure that our ambulance teams follow the CPR 2010 guidelines, meet the sociocultural and legal requirements in China, and overcome obstacles that affect the implementation of the guidelines, we chose clinical pathway as a tool to integrate the key points of the guidelines and regional factors, using high-fidelity simulated scenario and teamwork to improve the rescue of OHCA. 26 Clinical pathway training with audio and video devices that provided timely feedback reminded the rescue teams to carry the defibrillator/monitor to the patient and focus on ECG monitoring, endotracheal intubation, and intravenous administration of epinephrine. 12, 13, 16, 36 This resulted in compliance rates after training of 100%, 100%, 95.6% and 95.6%, respectively. 31 of the 45 (68.9%) teams successfully performed endotracheal intubation without interrupting chest compressions after training. Most of the pre-existing negative factors that affected the quality of CPR were removed. All evaluation indicators were significantly improved, especially less interr uption time during chest compressions. Involved physicians, especially most of the young physicians, felt the clinical pathway reduced the potential risks of medical treatment, and enhanced their confidence in treating sudden cardiac arrest and ability in communicating with patients' families. As a few physicians were concerned about the risk of medical malpractice when prolonged onsite treatment was carried out , they still decided to "load and run".
17,18
Limitations
This study relied on data that was collected from simulation treatments. Specific rescue results in actual patients after training needs verification, which is currently in progress by our group. Because of the existing medical legal system in China, the current pathway included appropriate restrictions for nonmedical personnel assistance during treatment. Such restrictions may weaken the full coordination and mobilisation of the resuscitation team and hinder improvements in CPR quality. We propose that current stretcher bearers and drivers in Chinese pre-hospital care team should receive formal training and develop into emergent medical technicians or paramedics by national legislation changes.
This study did not use randomised controls for comparison. The present results are preliminary. Randomised controlled studies are needed to confirm the benefit of clinical pathway use. Finally, the depth of chest compressions in this study could not be monitored by the mannequin and thus this evaluation indicator was not available for analysis.
Conclusions
We find that current CPR quality performed by prehospital care teams in China is very poor, mainly due to long interruptions of chest compressions, poor bag-mask ventilation, rare application of ALS techniques, and poor teamwork. The CPR 2010 guidelines are not followed by our rescue teams appropriately. This may be due to the current medical legal system in China, pre-hospital care system, poor doctor-patient relationships, and lack of standardised training. We design a sudden cardiac arrest pre-hospital care clinical pathway to eliminate the above negative factors. This training course significantly improves the pre-hospital CPR quality, team cooperation, and utilisation rate of ALS techniques.
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